Abstract: This paper assesses the impact of the Mercosul Preferential Trade Agreement on Brazil's regions by means of a gravity model, extended to include dummy variables for Mercosul and for a Brazilian region. The results show that the most significant regional impacts of Mercosul were on Brazil's Southern and Southeastern regions, whereas the North, Northeast and Center-West regions benefited much less from Mercosul in the period from 1990 to 1998. These results suggest that Mercosur may be aggravating regional disparities in Brazil.
Introduction
The interest in economic integration among countries has recently being renewed, as Free Trade Areas and other types of Preferential Trade Agreements (PTAs) are flourishing all over the world. The debate is very lively on whether regional economic integration ("regionalism") is welfare improving, and thus is a building block towards the achievement of free trade, or if it is welfare reducing, and thus is a stumbling block to achieve free trade. The main argument on the building block view is that regionalism is beneficial to the global trading system, and that outward-oriented economic integration ("open regionalism") is consistent with multilateral liberalization and is net trade creating on the whole (Bergsten 1996) . Conversely, the stumbling block view of economic integration holds that regionalism is inward-oriented by its nature, is net trade diverting in most of the cases, and even if net trade creating it is viewed as threatening to the international trading system (Bhagwati and Panagariya 1996) . However, even if one accepts the premise that recent Preferential Trade Agreements are, on the majority, committed to open regionalism, and thus welfare improving for participating countries and the world as a whole, economic integration may affect unevenly the regions of participating countries.
As relative prices change in these countries, they will increasingly specialize in the production of goods in which they have a comparative advantage; the regions that concentrate a large share of the booming or contracting industries will be more than proportionally affected by economic integration. Therefore economic integration may affect different regions of a country in a different way, thereby easing or aggravating regional disparities in a country (Bröcker 1988) . Thus, it is very important that we have a better understanding on how economic integration impacts the economic structure of the regions comprising the participating countries.
Mercosul
1 is a customs union among four Latin American countries (Argentina, Brazil, Paraguay and Uruguay) that is seen as outward looking and significantly different from previous efforts of economic integration in Latin America (Braga, Safadi and Yeats 1994) . As a result of the negotiations towards the customs union, Mercosul countries had lowered significantly their average tariff rates, specially Brazil (Edwards 1993) , which had very high tariffs until the early 1990s.
Moreover, Mercosul was preceded by a significant unilateral trade liberalization effort by its largest trading partners, Argentina and Brazil. The common external tariffs were implemented in January 1, 1995, and the participating countries phased out their internal tariffs according to a pre-determined schedule on a linear manner until zero tariff rates were achieved in December 31, 1994 2 .
Brazil has five regions, and the distribution of production and income among them is very unequal 3 . The Southeast includes the three largest state economies, and one of them (São Paulo) has a Gross Regional Product equivalent to Argentina's GDP. Moreover, its income per capita on a PPP basis is by far the country's largest (see Table 1 ), similar to some of European Union countries in the lower income tier. The South has the fourth and fifth largest state economies, and had strong cultural and economic ties with Argentina, Uruguay and Paraguay even before the Mercosul agreement (all the three states on that region border Mercosul countries). The Northeast is the poorest region, with some of its states having a state regional product equivalent to the less developed countries in the world. The
North is also a poor region, with most of its economy being sparsely linked and populated since the Amazon forest comprises most of its area. The Center-West is a transition region, with some forest land but most of it being savanna grasslands, with soil suitable to agriculture. As the opportunity cost of agriculture in the South and Southeast increased significantly, most of the agricultural production moved from those regions to the Center-West, causing a large growth in the latter's economy in the last twenty years. Table 2 below shows Brazilian total trade by trade block from 1990 to 1998; it shows that the largest growth in total trade was with Mercosul countries during that time period. Table 3 shows Brazilian total trade by region from 1990 to 1998, which shows that the largest increase in total trade was for the South and Southeast regions. These stylized facts suggest that they may be connected, that 1 Henceforth I will use the name Mercosul, the Portuguese version of the Common Market of the Southern Cone; also commonly used is Mercosur, the Spanish translation. 2 However, a list of exceptions to the common external tariff and to the zero internal tariffs still exists. For two good overall accounts on Mercosul, see Brandão and Pereira (1996) and Florencio and Araujo (1995) . For an evaluation of the achievements of Mercosul, see Laird (1997) . 3 For a good account on the recent evolution of the development of Brazil's regions see Affonso and Silva (1995) is, that the large increase in total trade with Mercosul countries may have affected positively the regions South and Southeast. But that conclusion would be misleading based solely on these tables, since this simple model does not separate trade growth into its main components. Particularly, income and distance effects are known to have a large impact on trade growth (Frankel, Stein and Wei 1995) .
We need a model that explains trade in terms of its main determinant variables such as income and geographical distance, and we can then control for these two effects to determine the consequences of economic integration and regional variables on trading patterns.
The objective of this paper is to assess the impact of the Mercosul agreement on Brazil's regions. By using a gravity model I show that, apart from income and distance effects, a large part of the trade of Brazilian states can be explained by a Mercosul effect and by a regional effect. These two effects combined produces a trade bias which I estimated and compared for all Brazil's five regions for the years 1990, 1994 and 1998 , to see which region(s) had the largest increase in the trade bias (and thus positively affected) due to Mercosul in that time period.
In the next section I depict the theoretical foundations and empirical tests of the gravity model and alternative models to assess the regional impacts of economic integration. In section 3 I analyze the results from two econometric estimations: one is the standard gravity model with a Mercosul dummy variable included, and the other is the gravity model with both a Mercosul and a Region dummy variables included. In section 4 I present some implications and concluding remarks, along with suggestions for further research in this topic. An explanation of the data is included in the appendix section. To estimate empirically the static effects of economic integration arrangements, there are two main classes of models: first the ex-ante techniques, in which the effects of economic integration are determined before an actual agreement is signed by the partner countries. As examples, the Price Elasticities approach, the Import Demand Regression approach, and the large Computational General Equilibrium models, could be mentioned. Conversely, an ex-post technique estimates the effects of economic integration after it occurs; the Import Growth approach and the gravity model are the best examples of this category of techniques. The gravity model was used in this paper as an ex-post method that evaluates the effects of Mercosul after it took full effect in December 31, 1994. By adding a preferential trade agreement dummy variable and a regional dummy variable, the gravity model can be used to estimate the regional impact of economic integration. Also, models based on input-output tables can be used to estimate the effects of changes in trading patterns on the economic structure of a region.
-Theoretical Foundations of the Gravity Model
The gravity model was first proposed independently by Tinbergen (1962) and Pöyhönen (1963) , and later refined by Linnemann (1966 
where X ij is the dollar value of exports from country i to country j; Y i is the nominal value of country i's GDP); Y j is the nominal value of country j's GDP; N i is the population of country i; N j is the population of country j; Dist ij is the distance between the commercial centers of the two countries, and is used as a proxy for the trade resistance variables; Pref is a dummy variable which equals to 1 if both countries belong to a specific preferential trade area and zero otherwise; and e ij is the error term. The coefficients a 0 through a 6 are to be estimated by the regression.
However, the gravity model's main weakness is its lack of a solid theoretical microeconomic foundation; Linnemann has shown how the gravity equation could be derived theoretically from a quasi-Walrasian general equilibrium model, but crucial to that derivation was an assumption of separate demand functions for imports for each trading partner, assumption which was not justified by Linnemann (Deardorff 1984) . Another critique to Linnemann's theoretical explanation of the gravity model is presented by Anderson (1979) . Linnemann saw the gravity equation as a reduced form from a four-equation partial equilibrium model of export supply and import demand. Prices are always excluded since they merely adjust to equate supply and demand. Anderson 7 see this explanation as "loose", and that it does not explain either the multiplicative functional form of the gravity equation.
Anderson ( It has also been used pervasively in models that try to assess the welfare effects of regional economic integration. The literature on the empirical tests of the gravity model used for regional integration is very large; starting in the late 1960s, many studies evaluated the effects of the EEC. But the first large empirical estimation of the effects of the EC using a gravity model was done by Aitken (1973) . In that study he evaluated the effects of the EEC and the EFTA regional integration agreements by estimating the parameters of the gravity model cross-section data from 1951 to 1967; the EEC and EFTA coefficients become positive in 1959 and 1961, respectively, and stayed positive and experienced cumulative growth until 1967; since the EEC was implemented in 1958 and EFTA in 1960, this implies that these arrangements were net trade creating.
Two other important studies that applied the gravity model to the trading bloc question were Frankel (1992) and Frankel and Wei (1992) . These studies, looking at the period from 1980 to 1990, found that there are intra-regional trade biases in the EC, in the Western Hemisphere, and to a lesser extent in East Asia, but the greatest intra-regional bias was in the APEC grouping 9 . These results were example, Leamer and Stern (1970), p. 146. 8 Empirical phenomena such as the large volume of trade among industrialized countries; intra-industry trade; ease of adjustment of trade liberalization; and the relationship between country size and export shares (Deardorff 1984) . 9 For a definition of these regional groupings, see Frankel, Stein and Wei (1995) .
extended in Frankel and Wei (1993a, 1993b) by providing further economic and econometric extensions to the original gravity equation. They included pairs of countries that were undertaking zero trade; they corrected for heteroscedasticity based on the size of the countries; they extended the time period 15 years farther back; and they included bilateral exchange rates. With these extensions, the results turned out to be robust. Frankel, Stein and Wei (1995) further extended those results; they included a variable for a pair of countries that spoke the same language; they broke the Western
Hemisphere group into sub-regional groupings, such as Mercosul, NAFTA, and the Andean Pact; they included a factor-endowment term; they tested for trade diversion; they reported separate results for trade in manufactured products; they tested whether customs unions had different effects from free trade areas; they entered GNP in product format (instead of each one separately, as in the traditional gravity model), justifying that this is consistent with the modern theory of trade under imperfect competition; and they included a GNP per capita variable, to account for the large volume of trade among developed countries. Again, these extensions produced robust results and further confirmed the presence of large intra-regional trade biases.
-Economic Integration and Regional Development
All of these studies mentioned in the previous subsection dealt with testing the overall impacts of economic integration arrangements, i.e., they assessed the welfare impacts in the countries as a whole. But none of those studies considered how economic integration affected the different regions of a country. In fact, very few studies have tried to evaluate the regional impacts of economic integration.
The most comprehensive of those is the one by Bröcker (1988) ; the author uses a variant of the gravity model to estimate the impact of the EEC and EFTA on the regions of four countries in Northern Europe: Germany, Norway, Sweden, and Denmark. The author extends a partial equilibrium Vinerian approach of calculating static effects of integration to a spatial world: he introduces transportation costs, and he formulates the model for regions instead of nations. He also relaxes some very restrictive assumptions, such as Viner's elasticity assumptions, and the homogeneity assumption. The resulting interregional trade model is a modified heterogeneous market model, which builds on Viner (1950), Samuelson (1952) and Enke (1951) ; the system of equations derived from the model is a doubly constrained gravity model, which is inelastically constrained on the demand side and elastically constrained on the supply side. The empirical implementation of the model is very data-intensive, as it needs data for regional supply, regional demand, international and interregional trade flows among regions, and distance among regions. Using 1970 data, the impacts of integration in Europe were evaluated for a total of 73 regions and 36 industries. The results were the following: most of Norway's regions lost from the formation of EFTA, with virtually no effect from the EEC formation; Sweden's regions benefited from EFTA, while EEC had negligible negative effects on those regions; Denmark's regions also gained from EFTA, while having small negative effects from the EEC; and in Germany the adverse effects of EFTA were minimal, while positive effects for some regions and negative effects for others were nearly balanced from the formation of the EEC.
Other types of models can also be used to associate changes in international and interregional trade flows with changes in regional economic structures. One set of models is based on input-output tables, such as the interregional input-output (IRIO) model or the multiregional input-output (MRIO)
model. "The IRIO models are extremely data-intensive, in that the region and industry of origin and destination for every product needs to be specified. So MRIO models have been used instead, in that they are less data-intensive: the regional inputs are specified only by the region purchasing the product, not by the region producing it, and the trade flows are specified only on a region-by-region basis. Thus, for the MRIO model, the purchasing industry in the region is not known" (Polenske 1997 ). The first type of MRIO model is the column-coefficient version, as in Polenske (1980) , in which the inflow of a given commodity into a region is assumed to vary in proportion to the total consumption of the product in that region. A second type of MRIO model is the gravity-model coefficient version, in which the trade flows depend upon the amount produced in the origin region, amount consumed in the destination region, and the transfer costs between the two regions. Polenske (1970) to assess the impacts of economic integration on regions. A potential problem of applying MRIO models with this aim is that they are very data intensive, requiring input-output tables for the country and for all the regions involved, which are often not available.
Econometric Models and Results
In order to assess the impacts of Mercosul in the regional development in Brazil, I chose the gravity model in its standard format, as opposed to the gravity model in Bröcker's format, or one of the input-output models (all discussed in the previous section). My approach is to add two dummy variables to the standard gravity model, one for the Mercosul trade agreement, and another for a region in Brazil. I then estimate the joint trade bias of both Mercosul and belonging to a certain region in
Brazil by looking at both the Mercosul and the region coefficients.
The advantage of this approach is that the effects at the aggregate level of Mercosul in each of
Brazil's regions can be estimated, using relatively less data than the other models. Bröcker's gravity model, although provides a more detailed impact at the industry level, needs a lot of data that was unavailable to me at this time. The input-output models are even harder to estimate because they are very data intensive, and require a large set of input-output tables, as mentioned before.
In the next subsection, I will first use a gravity model with the Mercosul dummy only, compare alternative formats of the reduced form model, and then present the results for the years 1990 and 1998. After choosing one model, in subsection 3.2 I will include the "region" dummy variable and present the results for 1990, 1994 and 1998, and compare the results for those two years to evaluate how the impacts of the Mercosul agreement on the Brazilian regions evolved over time.
-Main Model
In this section, the basic model to be estimated in its reduced form is the following: log X ij = loga 0 + a 1 logY i + a 2 logY j + a 3 log N i + a 4 log N j + a 5 log Dist ij + a 6 Adj + Table 4 is the original gravity model without the dummy variables: I included this equation to see whether there were significant changes on the coefficients of the income, population and distance variables if I removed the dummy variables from the model. Next I estimated the basic model with a NAFTA regional dummy in lieu of the Mercosul dummy, an European Union (EU) dummy in lieu of the Mercosul dummy, and all the three economic integration dummies at the same time (equations 4, 5, and 6, respectively, in Table 4 ).
Then I estimated the basic gravity equation presented in Frankel, Stein and Wei (1995) : their basic model included total trade (exports plus imports) as the dependent variable (unlike the basic model above). Moreover, they used the product of GDP in country i and GDP in country j in the place of the income variables, and the product of GDP per capita in country i and in country j in the place of the population variables. They also had variables for distance and adjacency, as well as economic integration dummy variables (for the European Union, for East Asia, and for the Western Hemisphere).
I then estimated the regression of total trade with the product of GDPs, product of GDPs per capita, and the adjacency and Mercosul dummies, as well as the NAFTA and EU dummies; this model is shown in Table 4 . The second potential problem is heteroscedasticity; I reestimated all the previous 8 equations using heteroscedasticity-consistent standard errors; these standard errors are reported in Table 4 .
The results for the year 1998 are presented in A second finding is that the population coefficients did not seem to be stable: while N i was significant in five of the estimated equations, it was not in the others. Moreover, its coefficient ranged from -0.35 to 1.47, a much larger variation than for the previous variables. This coefficient had the expected sign in only one case. 13 N j was significant in only one case (equation 8), and it never had the expected sign. Similarly, the adjacency variable was significant only in equation 8, and it had the expected sign.
The most important finding for this study was the coefficient of the Mercosul variable: not only was it significant and had the expected sign, but it was relatively large. The results for the year 1990 are presented in Table 5 . The same basic results regarding the coefficients of the independent variables are similar to the results for 1998: the coefficients for Y i , Y j , and Dist ij were significant, had the expected sign, and had a relatively narrow range, in line with the finding of other authors; the coefficients for N i and N j were once again erratic, being insignificant most of the time and with unexpected sign; and the adjacency variable was again insignificant. However, in 1990, the Mercosul coefficient was insignificant in two cases (equations 6 and 7). Moreover, the coefficient was substantially lower than in 1998. For example, this coefficient in equation 1 was 0.75, thus yielding a trade bias of 2.11. This significantly lower trade bias was expected, since 1990 is a preMercosul year, confirming our hypothesis that the Brazilian states as a group started to trade a lot more with Mercosul countries as this trade agreement was implemented. Nonetheless, a trade bias of 2.11 is still significant. In fact, this result is explained by the fact that three out of the four Mercosul countries had partial liberalization agreements with each other prior to 1990 14 . Finally we notice that once again that the NAFTA and EU coefficients are negative (and insignificant, in the case of EU), resulting thus in less than unity trade biases. The results for the years 1990, 1994 and 1998 Notes: X ij is the dependent variable. Standard errors are given in parentheses. All variables except dummies are expressed in natural logarithms; estimation by ordinary least squares. Number of observations = 485 for 1990 data, and 527 for 1994 data.
Conclusions, Implications and Further Research
In this paper I presented a model that shows the aggregate impacts of Mercosul in Brazil's regions, a model that controls for income and distance effects and concentrates on the economic integration and regional effects on the Brazilian states' trading patterns. I showed in last subsection that the most significant positive regional impacts of Mercosul were on Brazil's Southern and This study also showed that the regions that benefited the most from Mercosul are the most developed regions of Brazil. A study by Diniz (1992) showed that the recent pattern of concentration of production (specially manufacturing) in Brazil is one in which production is moving away from the most developed state in the Southeast (São Paulo) and towards the other states of the Southeast and South; this new pattern of polygonized regional development (that is, production is concentrated on a polygonal area that comprises the Southern and Southeastern states) is one in which development is still concentrated on those two regions, with very little direct benefit for the other three less developed regions. Thus my results show that Mercosul may be contributing to increase regional disparities in Brazil, since the regions that benefit from it the most are the ones already more developed, and
Mercosul may be contributing to exacerbate the polarized regional development in the South-Southeast polygon and thus aggravate regional disparities in Brazil.
This study can be extended in several ways. First, the time-path of Mercosul could be portrayed, tracing the its regional effects from the early 1990s until today by showing how the Mercosul and Region coefficients evolved on a yearly basis. Second, this study estimates the impacts at an aggregate level; to assess the impact on the region's economic structure on a more detailed level, it is necessary to see how the industries that comprised the regional economic structure were affected.
To evaluate industry impacts, we can estimate the current gravity model using data at the industry level 
